I. INTRODUCTION
T he Biologics Price Competition and Innovation Act (BPCIA), Congress's first authorization of a biosimilar therapeutic approval pathway, was signed into law in March 2010. 1 The BPCIA creates a two-tier regulatory pathway for abbreviated licensing of a biologic therapeutic. A biosimilar is ''highly similar'' to the innovator biologic that serves as the reference product, and the two have no ''clinically meaningful'' differences. 2 An interchangeable biologic must not only meet the biosimilarity standard, but also must be ''expected to produce the same clinical result as the reference product in any given patient.'' 3 The terms ''biosimilar'' and ''interchangeable'' are new in the context of biologics, and Congress has left FDA and the courts considerable latitude in defining these terms. This article evaluates alternative interpretations of ''biosimilar'' and ''interchangeable'' within the scope of the BPCIA, with an emphasis on FDA's nonbinding position on this question.
Whereas abbreviated review of traditional smallmolecule drugs was allowed under the Hatch-Waxman Amendments of 1984, 4 an equivalent pathway for biologics was conspicuously absent until the BPCIA was enacted. The majority of approved therapeutics are small-molecule drugs, which often consist of fewer than 50 atoms covalently bound in a known arrangement. Biologics occupy the upper end of the complexity scale and are exemplified by recombinant therapeutic proteins. 5, 6 The structure of a recombinant protein is described not only by its amino acid sequence, but by additional chemical modification, such as glycosylation, phosphorylation, acetylation, and disulfide bonds. 7 Additional complexity arises because every amino acid chain folds into a complex three-dimensional structure that is partially-but not completely-determined by the underlying amino acid sequence. 8 To further complicate matters, these structural attributes need not be identical in every protein within a given sample. 9 For these reasons, a re-combinant protein is a vastly more complex specimen than a small-molecule drug.
Despite the challenges associated with complex biologics, biotechnology and pharmaceutical companies have brought a number of important biologics to market in recent years. In 2011 in the U.S., 23% of spending on therapeutics went toward biologics. 10 Although biologics and molecular entities each span a considerable price scale, a rough estimate places biologics at twenty-fold more expensive to the patient than molecular entity drugs. 11 In 2011, six new Biologic License Applications (BLAs) were approved. 12 Because of the efficacy and profitability of biologics, the number of biologics brought to market seems likely to increase.
II. BIOLOGICS PRICE COMPETITION AND INNOVATION ACT IN CONTEXT
A. An Overview of the BPCIA The heart of the BPCIA is the introduction of an abbreviated pathway for licensure of biosimilar therapeutics. 13 This pathway, with its relaxed structural identity requirements, is not available for smallmolecule drugs. The BPCIA distinguishes between biologics and small-molecule drugs with an amended definition of the term ''biologic'':
A virus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood component or derivative, allergenic product, protein (except any chemically synthesized polypeptide), or analogous product, or arsphenamine or derivative of arsphenamine (or any other trivalent organic arsenic compound), applicable to the prevention, treatment or cure of a disease or condition of human beings. 14 (added text is underlined)
Although complex recombinant protein therapeutics had already been considered biologics within the ''analogous product'' category, this definition formalizes their inclusion in the class. 15, 16 Within the category of recombinant proteins fall some of the most common new biologics, including monoclonal antibodies. 17 The statute lays out five main requirements that a follow-on biologic must meet to obtain approval. First, to qualify for the abbreviated pathway, the biologic must be ''biosimilar to a reference product,'' where the reference product is a biologic previously licensed by FDA. 18 ''Biosimilar'' denotes that ''the biological product is highly similar to the reference product notwithstanding minor differences in clinically inactive components, '' 19 and that there must also be ''no clinically meaningful differences between the biological product and the reference product in terms of the safety, purity, and potency of the product.'' 20 This definition explicitly recognizes that perfect identity between the follow-on biologic and the reference product is not required. Whether the follow-on biologic is biosimilar is determined using three sources of data: ''analytical studies that demonstrate that the biological product is highly similar to the reference product notwithstanding minor differences in clinically inactive components,'' ''animal studies (including the assessment of toxicity),'' and ''a clinical study or studies (including the assessment of immunogenicity and pharmacokinetics or pharma-codynamics) that are sufficient to demonstrate safety, purity, and potency in one or more appropriate conditions of use for which the reference product is licensed.'' 21 These requirements, at first blush, sound as onerous as licensure of a new biologic. Not so; under the BPCIA, FDA may determine that an analytical study, animal study, or clinical study is unnecessary. 22 Second, the statute requires that ''the biological product and reference product utilize the same mechanism or mechanisms of action,'' with the caveat that this property need not be addressed if the reference product's mechanism of action is unknown. 23 Third, the BPCIA requires that ''the condition or conditions of use prescribed, recommended, or suggested in the labeling proposed for the biological product have been previously approved for the reference product.'' 24 Fourth, the ''route of administration, the dosage form, and the strength of the biological product are the same as those of the reference product.'' 25 The second through fourth requirements call for identity, in contrast to the biosimilarity requirement. A fifth requirement is that the manufacturing facility meet standards designed to assure safety, purity, and potency. 26 A follow-on biologic meeting these five requirements will be approved as biosimilar to the reference product.
The BPCIA is particularly favorable to sponsors who demonstrate extremely close identity between the biosimilar and the reference product. This type of biologic is called an ''interchangeable'' biologic. 27 A biologic is interchangeable if it meets the biosimilarity requirements and fulfills two additional criteria. 28 First, there is a clinical efficacy hurdle to clear: the biologic must ''be expected to produce the same clinical result as the reference product in any given patient.'' 29 Second, it must be safe for a patient to switch between the reference product and the follow-on biologic. 30 In particular, if the biologic is a product that is administered more than once to an individual, ''the risk in terms of safety or diminished efficacy of alternating or switching between use of the biological product and the reference product is not greater than the risk of using the reference product without such alternation or switch.'' 31 Significant rewards await the sponsor who demonstrates interchangeability. The first interchangeable biological product receives up to one year of exclusivity over subsequent follow-on biologics. 32 A temporary duopoly will preserve high prices, increasing the profitability of the follow-on biologic. The interchangeable biologic also enjoys an advantage over the brand-name equivalent, because pharmacies will be free to substitute the interchangeable biologic without consulting the prescribing health care provider. 33 This freedom to substitute makes it unnecessary for the follow-on biologic's seller to build name recognition among doctors.
B. Comparison of the Biosimilar Approval Pathway with the Generic Small-Molecule Drug Approval Pathway
The most analogous U.S. law to the BPCIA is the approval scheme for generic small-molecule drugs. The Hatch-Waxman Amendment of 1984 defines two expedited pathways, the Abbreviated New Drug Application (ANDA) and the 505(b)(2) ''paper NDA'' pathway. 34 Hatch-Waxman has been astoundingly successful in ushering generic drugs into the market. Just before its enactment, generic drugs occupied a 19% share of all prescriptions. 35, 36 By 2007, that share had risen to 67% of all prescriptions. 37 Generics' increase in market share is accompanied by lower prices, with generic drugs selling for anywhere between 5% and 79% of the brand-name drug's price one year after entry. 38 Under the Hatch-Waxman approval process, the sponsor of a generic drug must show that its drug is ''bioequivalent'' to the reference drug. 39, 40 The sponsor of a new molecular entity and the sponsor of the generic equivalent must both show data relating to chemistry, manufacturing, quality controls, labeling, and testing. 41, 42 However, only the innovator must provide data from animal, clinical, and bioavailability studies. 43 The generic sponsor must instead show only bioequivalence to the reference drug. 44 Bioequivalence of a molecular entity is akin to biosimilarity in a follow-on biologic, although distinctions exist. The data required to show biosimilarity may be much more extensive than the data sufficient for approval of a generic molecular entity. 45 Whereas a generic sponsor need not present animal studies and clinical studies, a biosimilar sponsor can omit them only at the discretion of FDA. 46 The sponsor of a biosimilar must show that it operates by the same mechanism as the reference product, assuming one is known 47 ; a generic molecular entity sponsor need not. 48, 49 The Hatch-Waxman approval pathway strictly requires that the generic drug be the same molecule as the innovator drug. The state of technology allows sponsors to show identity quite easily. In contrast, the BPCIA has a more relaxed requirement for showing that the follow-on biologic is structurally similar to the reference product, acknowledging both that the state of technology may not allow us to confidently show identity, and also that in a complex macromolecule, some small structural changes may have no clinical effect. In terms of drug function, the pathways' stringencies are reversed. The sponsor of a generic small-molecule drug need not do even one animal experiment or clinical trial. In contrast, the biosimilar sponsor may need to perform both.
Although Hatch-Waxman and the BPCIA provide distinct approval pathways, therapeutics do not fall so neatly into two classes. Some therapeutics (such as aspirin, a mere 21 atoms 50 ) are unambiguously small-molecule drugs. Others (such as Herceptin, made up of thousands of atoms and produced in cul-29 42 USC x262(k)(4)(A)(ii). Stroud, op. cit., n. 16 at 622. 41 21 USC x355(j)(3)(G), 21 USC x355(j)(2)(a)(i), and 21 USC x355(j)(2)(a)(ii)(regarding the ANDA process), 21 USC x355(b) (1) (regarding the NDA process). 42 Stroud, op. cit., n. 16 at 623. 43 Id.
44
Id. at 624. 45 Id. See 21 USC x355. 49 Stroud, op. cit., n. 16 at 625. 50 Aspirin Comprehensive Prescribing Information; available at www.fda.gov/ohrms/dockets/ac/03/briefing/4012B1_03_Appd %201-Professional%20Labeling.pdf tured mammalian cells 51 ) are clearly biologics. There is, however, a gray area between the two categories. The BPCIA draws a border through the gray area.
Per the BPCIA, a biologic includes ''a protein (except any chemically synthesized polypeptide).'' 52 A quick reading might suggest that the distinction is the method of manufacture: a protein is a small-molecule drug if it is chemically synthesized and a biologic if it is made by any other method, including recombinant production in living cells. FDA views this reading as overly simplistic. 53 In view of Congress's choice to use two partially overlapping terms, ''protein'' and ''polypeptide,'' FDA sees an amino acid length requirement in the statute. 54 Specifically, FDA interprets ''protein'' as a polymer greater than 40 amino acids in length and ''polypeptide'' as a polymer less than 100 amino acids in length. 55 Thus, under FDA's definition, a protein that is synthesized chemically and is 100 amino acids in length would be regulated as a biologic even if it never came near a living cell. Furthermore, although amino acid length might seem to be a physical property not subject to dispute, FDA has adopted a flexible definition of length. With respect to polypeptides, FDA states ''[c]hemically synthesized compounds greater than 99 amino acids in size will be scrutinized to determine whether they are related to a natural peptide of shorter length and, if so, whether the additional amino acids raise any concerns about the risk/benefit profile of the product.'' 56 A similar provision applies to proteins. 57 Thus, it appears that certain amino acids will not count toward the length of the polypeptide if FDA deems them unimportant. This interpretation may be intended to allow manufacturers to add protein tags to the basic therapeutic protein without stepping over the length limitations. A tag is an amino acid sequence added to the protein-for example, to facilitate purification during manufacturing process. Recognizing the complexity of the regulations, FDA encourages prospective sponsors to contact FDA to discuss the categorization of the therapeutic. 58 Given the high stakes, it seems likely that sponsors of innovator therapeutics will try to strategically classify gray-area therapeutics to maximize their protection. In particular, an innovator will probably prefer to have its therapeutic licensed as a biologic, so that follow-on competitors will have to satisfy the rigorous biosimilar approval pathway. Compounding this motivation, the biosimilar pathway is an even more attractive choice for innovators because it confers a 12-year period of regulatory exclusivity, 59 compared with as long as five years under Hatch-Waxman approval. 60 The distinction between drugs and biologics is further muddied by historical factors. FDA has historically treated insulin, one of the earliest therapeutic peptides, as a drug, not a biologic. 61, 62 In 1941, despite the fact that therapeutic insulin was produced from animal tissue, Congress placed insulin within the domain of the FDC Act, not the PHS Act which governed natural source biological products. 63, 64 Later, in 1982, when recombinant insulin was brought to market, it was also regulated under the FDC Act. 65, 66 Insulin is a relatively small peptide containing 51 amino acids (specifically, a 21-amino acid chain and a 30-amino acid chain covalently linked). 67 When sponsors presented other short proteins for approval-including glucagon, human growth hormone, hormones to treat infertility, hormones used to manage menopause and osteoporosis, and even some enzymes (hyaluronidase and urokinase)-FDA also regulated them as drugs rather than as biologics. 68 Some of these products seem to be biologics according to FDA's interpretation of the BPCIA definition. For example, Genotropin (a human growth hormone therapeutic) is 191 amino acids in length and is produced recombinantly in bacterial cells. 69 Nevertheless, for the time being, these biologics are regulated under the Hatch-Waxman Act, together with small molecule drugs, so generic manufacturers can gain approval without the heightened testing requirements imposed by the BPCIA. For instance, the 505(b)(2) process was used to approve Omnitrope, a follow-on human growth hormone. 70 This historical inconsistency will be straightened out under the BPCIA's new definition of biologics, and many of the proteins currently classified as drugs will be recognized as biologics. To ease the transition, the BPCIA includes a grace period. 71 For a period of 10 years after the BPCIA's enactment, a biologic that would otherwise be subject to the BPCIA may instead use the Hatch-Waxman process under Section 505 of the FDCA, if the biologic belongs to a product class containing at least one product that was approved prior to enactment. 72 After 10 years, any biological product approved under the Hatch-Waxman process will be deemed a biologic licensed under the BPCIA. 73 Under the grace period provision, follow-on peptides such as human growth hormone can continue to use Hatch-Waxman approval for 10 years. After that point, new applications for approval of biologics will be subject to the more rigorous biosimilarity requirements.
The number of therapeutics eligible for this transition provision depends on the definition of ''product class.'' FDA has adopted a fairly broad definition, consistent with Congress's goal of promoting follow-on biologics. 74 To be part of a product class, a followon biologic need only be homologous (similar in amino acid sequence) to the natural gene to which the innovator biologic is homologous. 75 In addition to structural changes being permissible, functional differences are also allowed. Two biologics may fall into the same product class even if they exhibit different pharmacokinetic properties (the speed at which the therapeutic is absorbed, distributed, metabolized, and excreted from the body). 76 If the innovator biologic is not homologous to any naturally occurring gene, it is in the same class as a follow-on biologic if the two share a biological activity. 77 In this scenario, FDA does not seem to require any structural homology between the innovator biologic and the follow-on biologic. Thus, FDA interprets the BPCIA to provide a generous transition period for biologics of a type historically categorized as drugs. The grace period may prompt follow-on sponsors to rush eligible followon biologics into the regulatory process while the Hatch-Waxman pathways are still available to them.
It is worth pausing to appreciate that, like the BPCIA, Hatch-Waxman creates two tiers of similarity. FDA maintains the Orange Book (formally, the Approved Drug Products with Therapeutic Equivalence Evaluations) and gives drugs an equivalence rating of A or B. 78,79 A B rating signifies bioequivalence, and an A rating signifies bioequivalence and interchangeability. 80,81 As with interchangeable biologics, a pharmacist may substitute an interchangeable generic without a doctor's permission. 82
C. Comparison of U.S. Biosimilar Approval Pathway with Foreign Pathways
The U.S. is not the first country to establish an abbreviated pathway for biosimilar approval: Canada and Europe have done the same. 83 This section provides a brief description of foreign biosimilar approval frameworks and a comparison with the BPCIA.
The European Medicines Agency, which grants regulatory approval to biologics in the European Union, implemented an abbreviated approval pathway for follow-on biologics in 2004. 84 As of 2011, at least 14 biosimilars have been approved in the European Union. 85 As under the BPCIA, in Europe, a sponsor must show the follow-on biologic has a structure similar to that of the reference product. 86 Although some structural differences are allowed, structural differences generally call for functional and clinical testing. 87 Human trials may-in theory-be unnecessary to gain approval, but in practice, most follow-on biologics show at least some small differences from the innovator biologic, so comparative clinical trials are required for most European biosimilar applications. 88, 89 The clinical trials are not as extensive as those for a new biologic, though. 90 It remains to be seen whether FDA will waive the requirement for clinical trials often enough to make the U.S. approval pathway less demanding than that in Europe.
In Canada, unlike Europe and the U.S., the regulatory agency (HealthCanada) took the position that no new legislation was needed to allow abbreviated approval of biosimilars. 91 To gain approval, the follow-on biologic must have demonstrated similarity to a reference product. 92 As in the U.S., identity is not required. 93 89 Courage and Parsons, op. cit., n. 83 at 210. 90 Id.
91
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Canada, clinical studies are required. 94 HealthCanada requires not only pharmacokinetic and pharmacodynamic 95 studies in humans, but also comparative clinical trials. 96 Only one follow-on biologic (Omnitrope) has been approved in Canada as of 2011. 97 
III. WHAT IS BIOSIMILARITY?

A. Statutory Definition of ''Biosimilar'' and Competing Interpretations
For a biosimilar therapeutic to gain approval, it must satisfy the definition of ''biosimilar'' set out in the BPCIA, as refined by FDA and, eventually, the courts. Because the BPCIA is in its infancy, it is far from settled how ''biosimilar'' ultimately will be interpreted.
By statute, a biosimilar is highly similar to the reference product (notwithstanding minor differences in clinically inactive components) and has no clinically meaningful differences in safety, purity, and potency from the reference product. 98 The statute's use of relative language (''highly similar,'' ''minor,'' ''clinically meaningful'') leaves FDA and the courts considerable latitude to construe the terms. In keeping with the flexible standard evident from the statutory text, FDA intends to consider the totality of the evidence provided by a sponsor to show that a product is biosimilar. 99 A totality of the evidence standard is not new to FDA; it is already used to determine whether an innovator drug is clinically effective. 100 A flexible approach is not unjustified. Because the number of biologics approved each year is in the single digits, 101 a flexible approach should not be unduly burdensome on FDA. In addition, because biologics range from the slightly complex to the extremely complex, a flexible approach allows FDA to tailor the requirements accordingly. On the other hand, one challenge always inherent in a flexible standard is how to ensure that the standard will be applied fairly and uniformly. In another area of law, Justice Scalia described ''th' ol' 'totality of the circumstances' test'' as ''that test most beloved by a court unwilling to be held to rules (and most feared by litigants who want to know what to expect).'' 102 FDA can reduce uncertainty by producing and adhering to detailed guidance documents for each class of product, as is done in Europe. 103, 104 The BPCIA permits the Secretary to issue guidance with respect to licensing of follow-on biologics. 105 Interpreting the statutory definition of ''biosimilar'' requires the interpretation of several key terms. First, it remains an open question exactly how FDA and the courts will interpret the language of ''highly similar'' to a reference product. It is clear, at least, that differences between the follow-on biologic and the reference product are permitted with respect to both the active agent and the inactive components. Congress's choice of the term ''biosimilar'' clearly denotes that the follow-on active substance need not be identical to the innovator product. Tolerance for structural differences is also apparent in the statute's provision that a biosimilar should be ''highly similar'' to the reference product. 106 At the current state of technology, it is all but impossible for two companies to manufacture perfectly identical biologics, 107 especially when the innovator maintains manufacturing details as trade secrets. The statute also allows ''minor differences in clinically inactive components.'' 108 Turning now to the second prong of the definition, the key question seems to be how FDA and the courts will interpret ''clinically meaningful differences.'' Without offering a comprehensive definition, FDA suggests that the term could ''include a difference in the expected range of safety, purity, and potency of the proposed and reference products.'' 109 Clearly, more detail will be needed. Will a 1% decrease in in vitro activity be dispositive? A 50% decrease? Will an increase in adverse reactions be looked on more harshly than a decrease in efficacy? What kinds of impurities are the most important? Several factors will likely play into the decision. With respect to safety, we should consider the frequency and severity of side effects, the willingness of patients to tolerate adverse reactions (e.g., greater in more serious diseases), and the ability to detect and treat adverse reactions promptly. Regarding potency, we should consider the degree of decreased activity, the ability to 94 Id. 95 Pharmacodynamics is the study of how the therapeutic affects the patient. Pharmacodynamic studies include whether the drug binds to a particular target or alters the amount of a particular protein.
compensate for decreased activity by administering a higher dose or changing the formulation, and the danger of accidentally administering too low a dose to the patient (e.g., in life-threatening diseases, or in infections where a low dose could breed resistant pathogens). As to purity, we should give greater attention to impurities thought to cause adverse reactions based on clinical or laboratory studies, and less weight to impurities thought to be safe according to clinical or laboratory studies.
The statutory terms ''safety, purity, and potency'' have well-established meanings in the context of drug approval. Briefly, safety refers to relative freedom from harmful effect, taking the patient's condition at the time of administration into account. 110 Potency refers to the therapeutic effectiveness of the drug. 111 Purity refers to the absence of contaminants, whether harmful or not. 112 It is clear that the statutory definition of biosimilarity leaves much room for interpretation. To supplement this definition, the statute describes several sources of evidence that sponsors can use to demonstrate biosimilarity.
B. Statutory Requirements for Demonstrating Biosimilarity and Competing Interpretations
In contrast to the vague definition of biosimilar, the statute provides considerable clarity as to the data required to demonstrate biosimilarity: analytical, animal (including toxicity), and clinical (including immunogenicity and pharmacokinetics or pharmacodynamics). 113 Uncertainty is reintroduced by the fact that FDA may determine that an analytical, animal, or clinical study is unnecessary. 114 FDA takes the position that the requirements for demonstrating biosimilarity should use a stepwise approach. 115 This approach would call for a sponsor to begin with in vitro experiments, which are the simplest and least expensive studies. 116 The number and scale of animal and human studies required will depend on the results of the earlier studies. 117 FDA will then weigh the available studies using the totality-of-theevidence standard. 118 FDA guidance documents spell out the stepwise approach in more detail. The first step is structural and functional characterization of the biologic. 119 The more similar the follow-on biologic appears to be to the innovator biologic based on in vitro studies, the more likely it is that animal and clinical testing can be minimized. 120 FDA guidance is agnostic as to whether the structural differences are intentional. For instance, the guidance states that addition or removal of amino acids at either end of the biosimilar relative to the reference product is unlikely to affect its potency. 121 These amino acid sequence differences can generally be avoided by careful construction of the recombinant DNA sequence. The industry group BIO, on the other hand, recommends that FDA not permit intentional differences to amino acid sequence and formulation if these differences can be reasonably avoided. 122 In support of its position, FDA might argue that the import of a structural change in a biologic is its effect on therapeutic function, not the state of mind of the scientist producing it. On the other hand, BIO might argue that because any structural differences between biologics might affect their function, follow-on sponsors should eschew intentional differences.
The next step to consider is animal testing. There are two main types of tests on animals: efficacy and toxicity. Toxicity tests are the most likely to be required. FDA considers animal toxicity data useful when structural and functional characterization do not provide certainty that the product will be safe in humans. 123 This probably will be the case for every biologic, because it is difficult or impossible to test for every possible contaminant and to predict adverse effects of the active ingredient on every tissue and organ using only in vitro tests. FDA typically will require only general toxicity studies; specific tests for reproductive toxicity, developmental toxicity, and carcinogenicity will not be required if the reference product did not appear to have those properties. 124 110 21 CFR x600.3(p), providing ''The word 'safety' means the relative freedom from harmful effect to persons affected, directly or indirectly, by a product when prudently administered, taking into consideration the character of the product in relation to the condition of the recipient at the time.'' 111 21 CFR x600.3(s), providing ''The word 'potency' is interpreted to mean the specific ability or capacity of the product, as indicated by appropriate laboratory tests or by adequately controlled clinical data obtained through the administration of the product in the manner intended, to effect a given result.'' 112 21 CFR x600.3(r), providing '''Purity' means relative freedom from extraneous matter in the finished product, whether or not harmful to the recipient or deleterious to the product. Purity includes but is not limited to relative freedom from residual moisture or other volatile substances and pyrogenic substances.'' 113 42 USC x262(k)(2)(A)(i)(I)(aa)-(cc). 114 42 USC x262(k)(2)(A)(ii). 115 Guidance for Industry: Scientific Considerations in Demonstrating Biosimilarity, op. cit., n. 99 at 2. 116 Id. at 7. 117 Id. at 12. 118 Id. at 2. 119 Id. at 7. 120 Id. 121 Id. at 9. 122 BIO Comments on Scientific Considerations in Demonstrating Biosimilarity to a Reference Product; available at www.bio.org/sites/default/files/2012-04-16%20Scientific%20-Considerations%20-%20FINAL.pdf, 9 (April 16, 2012). 123 Guidance for Industry: Scientific Considerations in Demonstrating Biosimilarity, op. cit., n. 99 at 11. 124 Id.
Animal efficacy studies are unlikely to be required, especially if the biologics appear similar in in vitro tests. Animal pharmacokinetic and pharmacodynamic studies will likely be uncommon in the licensing process because FDA does not require them and will not accept them as a substitute for the same studies performed on humans. 125 The next step is human testing. FDA recommends that sponsors perform human pharmacokinetic and pharmacodynamic studies to show that the follow-on and innovator products reach the necessary concentrations in the appropriate regions of the body. 126 FDA recommends a 5-day study for biologics that break down quickly. 127 A second key study highlighted by FDA is an immunogenicity assessment in human subjects. 128 This provision probably reacts to the concern that it is difficult to predict whether a given biologic will produce an inappropriate immune response in a patient, because in vitro and animal studies are poorly predictive of the likelihood of such a reaction. 129 Immunogenicity is of greater concern with biologics than small-molecule drugs, because the immune system is geared to raise a response to a foreign protein more than to a small molecule. 130 The risk is heightened when biologics are produced in non-human mammalian cells, because trace proteins from these cells-or non-human patterns of chemical modification to the biologic-can trigger an unwanted immune response. Immunogenicity is not only a safety concern, but an efficacy concern, because neutralizing antibodies can block the effectiveness of a therapeutic. 131 FDA specifies that a sponsor should conduct a 1-year immunogenicity study in human patients to gain approval for a chronically administered biologic. 132 The time and expense of an immunogenicity study stands in contrast with the recommended five-day course of a pharmacokinetic study. Clearly, adverse immune reactions are at the forefront of FDA's attention.
Clinical trials showing efficacy in humans are the most expensive type of study and the type most likely to be waived at least in part. FDA identifies five factors that determine the extent of clinical trials necessary:
(1) the similarity of the follow-on biologic to its reference product in terms of structure and in vitro function; (2) the extent to which structural and functional differences predict clinical efficacy; (3) the extent to which human pharmacokinetic and pharmacodynamic studies predict clinical efficacy; (4) the track record of the reference product and related biologics, including post-market studies; and (5) clinical experiences with the proposed product, for instance, outside the U.S. 133 If the sponsor performs clinical trials, FDA will license the follow-on biologic only if it is no worse-and no better-than the reference product. 134 FDA is concerned that greater efficacy will correlate with increased adverse effects. 135 If the biologic is truly more effective than the reference product, FDA may still license it, but as a new biologic that does not rely on a reference product. 136 It remains to be seen how often FDA will waive clinical trials for biosimilars. The statute calls for clinical testing unless FDA determines it is unnecessary. 137 This language suggests a presumption that clinical testing is necessary; this presumption can be overcome by evidence, such as a showing that the reference and follow-on biologic are structurally similar. 138 However, FDA's interpretation also could be understood to mean that clinical testing is a ''residual requirement, and triggered only if there are gaps or insufficiencies'' in the pre-clinical data. 139 One suggestion of FDA's stance on this issue comes from the recent approval of a generic version of Lovenox (enoxaparin). 140 Enoxaparin is a complex carbohydrate drug composed of low-molecular-weight heparin. 141, 142 FDA approved a generic version via the ANDA pathway. 143, 144 FDA did not require clinical trials for safety or efficacy despite the drug's complexity. 145 Dr. Rachel Behrman, a senior FDA official, cited the Lovenox approval as an example of how FDA would approach licensing of a biosimilar. 146, 147 She contrasted the Lovenox approval with Europe's biosimilar approval pathway, which generally requires clinical trials. 148 Perhaps FDA is prepared to waive clinical efficacy studies for the majority of follow-on biologics. BIO takes the opposite position, stating that clinical trials for efficacy will be necessary for most followon biologics. 149 With respect to the stepwise approach, the FDA guidance does not specify what kind of structural differences will call for additional animal or clinical studies. Is a missing amino acid better or worse than a missing chemical modification? Is a conformational change more or less worrisome than an aberrant functional study? These questions should be answered on a case-by-case basis with reference to the scientific literature. If a peer-reviewed scientific article shows that a particular structural change has no detectable effect on a protein's function, that structural change should not mandate animal or human studies. FDA plans to consider structural differences in light of general knowledge of molecular biology. For instance, it is generally accepted that amino acids added to or removed from either end of a protein are less likely to affect its function than amino acids added to or removed from functional domains within the protein. Accordingly, FDA expects that amino acids added or removed at the ends of the protein will not usually call for animal or clinical testing. 150 The BPCIA does not specify whether it is more damaging for a sponsor to present unfavorable structural or functional data, or to simply not do the experiment that yields those data. For instance, would FDA be more likely to request clinical trials if the sponsor presented nine experiments all showing the followon biologic is structurally similar, or ten experiments, nine of which showed structural similarity and one of which showed a difference? The risk of penalizing unfavorable data is that sponsors will be unwilling to do thorough testing, because every additional test becomes a potential point of failure. This is clearly an undesirable outcome; as a matter of public safety, we should encourage extensive testing. Perhaps in reaction to this concern, FDA encourages comprehensive analysis, stating, ''[t]he more comprehensive and robust the comparative structural and functional characterization are, the stronger the scientific justification for a selective and targeted approach to animal and/ or clinical testing.'' 151 The requirements for demonstrating biosimilarity will, in general, be more extensive than those for a single manufacturer to show that a change to its manufacturing process did not affect its product. 152 FDA's rationale is that a manufacturer that modifies its own manufacturing process has extensive knowledge about the product, including the identity of each intermediate in the manufacturing process and the acceptable bounds within which key parameters can differ. 153 A competitor producing a follow-on biologic, in contrast, will not only use a different manufacturing plant and process, but will likely start with a different cell line and DNA sequence encoding the biologic. 154 These factors indicate that the structural differences between an innovator and a follow-on biologic are likely greater than those between a biologic before and after a manufacturing change. There is accordingly a greater burden of proof to show that a follow-on biologic is similar to an innovator biologic.
By statute, the reference drug against which a sponsor compares its biosimilar must be an FDAlicensed biologic. 155 FDA offers some flexibility around this requirement. While the key comparative studies should focus on the previously FDA-licensed biologic, a sponsor may provide supplemental data comparing the follow-on biologic with a reference product that is not licensed in the US to help fulfill the biosimilarity requirements. 156 In particular, FDA requires that the analytical studies and at least one clinical pharmacokinetic study be comparisons of the follow-on biologic with the U.S. reference product. 157 To be able to make this limited use of a foreign comparator, the sponsor must show that the foreign biologic has an adequate ''bridge'' to the U.S. reference product. 158 To show that two products are adequately bridged, human pharmacokinetic or pharmacodynamic studies are likely to be necessary. 159 It is strong evidence of bridging if the U.S. and foreign products are manufactured by the same company in the same facility. 160 It is unclear how often sponsors will need to take advantage of the foreign comparator option. In theory, if FDA did not request a study from an innovator, FDA should not need to request that study from a follow-on sponsor to show biosimilarity. FDA's historical reluctance to rely on foreign clinical trials also suggests that sponsors will make little use of foreign comparative data in biosimilar applications. 161 Whether a particular biologic is biosimilar to a reference product will be a difficult question, and different parties will likely have conflicting views. FDA has not yet stated what parties will have a voice in determining biosimilarity. The most obvious source is the sponsor of the biologic, because the sponsor has the burden to show biosimilarity. 162 A less obvious party is the sponsor of the innovator biologic. The innovator is a valuable source of expertise, because the innovator has experience making and marketing the biologic. The innovator will surely argue that its competitor be held to the highest standard, but an innovator's bias can be useful to FDA as a counterpoint to the follow-on sponsor's opposite bias. Another potential source of advice is a foreign regulatory agency that has developed standards for biosimilarity, such as the European Medicines Agency. 163 FDA has indicated some willingness to appreciate the expertise of foreign regulatory agencies, for instance, in giving more credence to studies involving foreign reference drugs if the foreign drug was manufactured in a facility ''licensed and inspected by a regulatory authority that has similar scientific and regulatory standards as FDA (e.g., International Conference on Harmonisation [ICH] countries).'' 164 The BPCIA's provisions and FDA's guidance on how to demonstrate biosimilarity significantly flesh out the definition of biosimilarity. However, because the class of biologics encompasses biologics with greatly different complexities and safety profiles, for treating conditions of greatly varying severity, a flexible approach is needed. By adopting a totality of the evidence approach, FDA reserves the power to weigh disparate pieces of evidence as it considers fit.
C. Statutory Limitations on the Indications for Which a Biosimilar Is Licensed
The BPCIA will approve a follow-on biologic only to treat diseases and conditions for which the reference product was approved. 165 In particular, the statute provides, ''[a]n application submitted under this subsection shall include information demonstrating that.the condition or conditions of use prescribed, recommended, or suggested in the labeling proposed for the biological product have been previously approved for the reference product.'' 166 The statute also provides that a sponsor can show that a followon biologic is biosimilar based on (among other things) ''a clinical study.sufficient to demonstrate safety, purity, and potency in 1 or more appropriate conditions of use for which the reference product is licensed and intended to be used and for which licensure is sought for the biological product.'' 167 The most natural interpretation of this language appears to be that a follow-on sponsor can choose to seek approval of the biosimilar for one or more indications for which the innovator biologic is approved. An alternative, innovator-favorable interpretation would require the follow-on sponsor to seek approval for every indication for which the innovator biologic is approved, which could require additional trials. 168 Another alternative, more favorable to follow-on sponsors, would require FDA to approve the followon biologic for multiple indications even if the follow-on sponsor only presents evidence relating to one indication. An example of this last interpretation would read the BPCIA to require FDA to approve follow-on biologics ''for all conditions of use for which the products have the same mechanism of action.'' 169 The first interpretation seems more consistent with the statute for three reasons. First, the two relevant portions of the statute (quoted in the previous paragraph) do not refer to a common mechanism of action as a consideration in licensing a biologic for more than one indication. Second, in the BPCIA, Congress chose not to re-use language in an earlier bill, the Amended Access to Life-Saving Medicine Act (ALSMA), which recited ''[u]pon review of an application.for a biological product, the Secretary shall issue a comparable biological product license for all conditions of use of the reference product sharing the same mechanism or mechanisms of action for which the applicant has demonstrated comparability for a single condition of use'' (emphasis added). 170 Third, FDA appears not to interpret BPCIA to impose a bright-line rule that all indications with a common mechanism of action will be approved together. The FDA guidance on biosimilarity explains that if the two or more indications are closely related, an applicant can extrapolate from data relating to one indication to conclude that the biosimilar will likely be effective in the related indications. 171 Thus, if a biosimilar is licensed for one indication, FDA may-but need not-license it for related indications if the sponsor can justify the extrapolation. The extrapolation can be based on studies of the mechanism of action, pharmacokinetics, and toxicity. 172 Accordingly, Congress appears to have adopted a compromise where follow-on sponsors can choose the indications for which their biologic will be licensed, and FDA is not obligated to approve the biologic for additional indications.
D. Dosage and Administration
Under the BPCIA, FDA will license a biologic only if the ''route of administration, the dosage form, and the strength of the biological product are the same as those of the reference product.'' 173 These three characteristics are fairly clear-cut in comparison with structural similarity or clinical performance.
There are only a handful of routes of administration (e.g., oral, subcutaneous, intramuscular, oral inhalation, nasal inhalation, topical, etc.), and most therapeutics clearly are appropriate for one of them. Controversy thus is unlikely over whether a particular biosimilar has the same route of administration as its reference product.
A dosage form refers to the physical form in which a drug is produced. 174 In general, a drug's dosage form will be unambiguous because FDA has enunciated the borders of each category. For example, FDA considers the following dosage forms to be the same ''injectable'' dosage form: a pre-filled syringe, an auto-injector device, and a kit containing a drug vial and a separate syringe. 175 The strength of a therapeutic refers in general to its potency, but there are several ways to measure potency. One simple measurement is a physical characteristic, such as milligrams of therapeutic per milliliters of liquid (mg/mL). 176 The disadvantage of this measurement is that it does not necessarily correlate with the effect of the therapeutic on a patient. With some biologics, the lot-to-lot variability is high, so that in different lots, a different percentage of the active ingredient becomes inactive. In a case like this, two lots may produce the same amount of biologic in mg/mL, but one lot will have a lower therapeutic activity than the other. A better measurement is units of activity (e.g., in units/mL), defined according to some relevant in vitro assay. 177 This measurement balances accuracy and ease of calculation. The gold standard measurement would be the therapeutic effect of the biologic on a patient, but calculating this measurement for each batch of a therapeutic would be prohibitively expensive and time-consuming. FDA recommends that the follow-on sponsor use the same measurement as the innovator, 178 presumably to facilitate comparison of the two biologics.
FDA's recommendation seems innovator-friendly because it allows the innovator to choose the standard of comparison. If an innovator chooses mg/mL, the follow-on biologic must possess the same activity as the innovator. If the follow-on biologic is less active than the innovator, the same concentration in mg/mL of each biologic will give a lower activity of the follow-on biologic. The follow-on manufacturer cannot simply add more of the biologic to increase the total activity, because doing so would increase the concentration (mg/mL) above that of the reference product. In contrast, a manufacturer could use this strategy if the measurement were units/mL. In sum, if an innovator chooses mg/mL, the innovator creates an extra hurdle for follow-on competitors. FDA guidance seems to motivate innovators to measure their drug by physical characteristics if possible.
IV. WHAT IS INTERCHANGEABILITY?
A. Statutory Definition of ''Interchangeable'' and FDA's View of Interchangeability
The BPCIA creates an elevated tier of biosimilars, called ''interchangeable'' biologics, that have particularly close identity to the reference product. 179 An interchangeable biologic must ''be expected to produce the same clinical result as the reference product in any given patient.'' 180 In addition, it must be safe for a patient to switch brands between the innovator biologic and the interchangeable biologic. In particular, if the biologic is a product that is administered more than once to an individual, ''the risk in terms of safety or diminished efficacy of alternating or switching between use of the biological product and the reference product is not greater than the risk of using the reference product without such alternation or switch. '' 181 It is far too early to tell how ''interchangeable'' ultimately will be interpreted. Prior to the BPCIA, interchangeability was not defined by FDA. 182 Although FDA has recently released a guidance document discussing the biosimilarity standard, 183 it has not yet released guidelines for interchangeability. Per FDA's biosimilarity guidelines, FDA has not yet decided what type of information a sponsor must provide to show interchangeability. 184 Nevertheless, FDA has hinted that the interchangeability standard will be a rigorous one. For instance, Dr. Janet Woodcock, Director of the FDA Center for Drug Evaluation and Research (CDER), said in 2007 that ''[f]or many follow-on protein products-and in particular, the more complex proteins-there is a significant potential for repeated switches between products to have a negative impact on the safety and/or effectiveness. Therefore, the ability to make determinations of substitutability for follow-on protein products may be limited.'' 185, 186 As another example, while FDA states that it is not impossible to simultaneously show that a drug is biosimilar and interchangeable, it cautions that ''it would be difficult as a scientific matter for a prospective biosimilar applicant to establish interchangeability in an original 351(k) application given the statutory standard for interchangeability.'' 187 FDA has given a few concrete indications of how the interchangeability standard will be more stringent than the biosimilarity standard. For instance, FDA plans to require an interchangeable biologic to have a delivery device and closure container very similar to those of the reference product, and noninterchangeable biosimilars will not be subject to this requirement. 188 Specifically, FDA may consider whether the changes alter the product's performance or operation, or would require additional instructions from healthcare providers. 189 Even an alteration in the design of the device or container may raise a red flag, if it affects a critical design attribute. 190 As another example, FDA plans to accept (within limits) data comparing a follow-on biologic to a foreign-licensed reference product to make a determination of biosimilarity. 191 To show interchangeability, comparison with a foreign-licensed product is likely to be insufficient. 192 Judging from these examples, a sponsor will probably not clear the interchangeability hurdle by showing biosimilarity and then tacking a few additional experiments onto the application. Rather, a sponsor intending to show interchangeability should design all its biosimilarity experiments to comply with the interchangeability standard. Doing so will avoid the need to redo experiments that were sufficient for biosimilarity, but not interchangeability.
BIO, representing mostly innovators, has recommended that FDA consider 13 factors to determine whether a biologic is interchangeable with its reference product. 193 Under this framework, characteristics that weigh toward interchangeability are: (1) low complexity of the biosimilar; (2) high structural similarity between the biosimilar and reference products; (3) a known shared mechanism of action; (4) a favorable safety profile (including low immunogenicity); (5) a large window between the effective dose and a toxic dose; (6) post-marketing data show-ing that the reference product is safe and efficacious; (7) a favorable risk-to-benefit profile; (8) a highpriority therapeutic area; (9) a similar route of administration; (10) individual characteristics of patients (patient factors) having a weak or no effect on efficacy and safety; (11) studies showing a low risk of poor results when switching between the follow-on biologic and the reference product; (12) a low rate of severe adverse events in outlier patients; and (13) a low likelihood of product drift (when innovator and follow-on products are initially similar but gradually develop differences-for instance, because of random mutations in the cell lines that produce the biologics). 194 Although some of these factors are familiar, factors 5, 8, 10, 12, and 13 do not appear directly drawn from the statute or FDA's guidance on biosimilarity, and it remains to be seen whether FDA will adopt them.
FDA will allow sponsors either to request a determination of interchangeability when they file the biosimilar application, or to obtain a determination of biosimilarity first and then seek a determination of interchangeability. 195 If a sponsor obtains biosimilarity and interchangeability determinations in two steps, it can be important to time the two steps carefully. The sponsor will want to obtain the interchangeability determination early enough to become the first follow-on to reach the market and secure the resulting temporary exclusivity period over other follow-on manufacturers. On the other hand, performing the biosimilarity studies too early (for instance, well before the innovator's 12-year exclusivity period is over) may be an unnecessary acceleration of expenses. If (as is likely) an interchangeability determination requires clinical trials, there may be a significant lag between the biosimilarity determination and the interchangeability determination.
hormones. 205 No adverse events were reported. 206 A study of patients switched from an innovator growth hormone, Humatrope, to Valtropin, a follow-on biologic approved in Europe, observed no significant change in immunogenicity or efficacy. 207, 208 In fact, the switched patients produced a slightly lower frequency (2.0%) of anti-growth hormone antibodies than did the patients receiving only Valtropin (3.1%), but the report cautions that this study of 45 patients is too small to allow firm conclusions about immunogenicity. 209 These studies suggest that a patient that switches between related biosimilars is not at a higher risk of an unwanted immune response. On the other hand, the Deputy Commissioner of FDA in 2008 stated, ''For many follow-on protein products, there is a known significant risk in repeatedly switching between products and a resulting negative impact on both patient safety and/or effectiveness.'' 210 However, examples of the risk actually coming to pass are not provided.
The risk that switching biologics will cause a synergistic immune response, though plausible, has not materialized. Caution is appropriate in the early chapters of a pathway for approval of interchangeable biologics. However, if over time, studies indicate that the risk of switching is low, FDA should consider loosening the switching requirement for interchangeable biologics.
It is also worth considering whether the switching requirement helps guard against patients becoming resistant to a therapy. At this point, the concern is theoretical; I am not aware of reports of drug resistance caused by a patient switching between similar biologics. Not every drug is equally likely to lead to drug-resistance. The risk of drug-resistance is generally greatest in diseases where the therapeutic kills or otherwise inhibits an unwanted cell, and natural selection pressures the unwanted cell to develop resistance. If an innovator biologic and follow-on biosimilar act by different mechanisms, switching between them might foster drug resistance by allowing a slightly resistant cell population to recover and multiply. Under this approach, a sponsor of a therapeutic for resistanceprone diseases like cancer or an infectious disease would need to conduct more extensive trials than the sponsor of a therapeutic for, e.g., diabetes or an inherited genetic disorder. Accordingly, FDA should release guidance indicating the product classes in which clinical studies are expected to be most necessary to show interchangeability. If clinical trials are generally required to show that switching is safe, the switching requirement may be the most stringent requirement to meet in demonstrating interchangeability. On the other hand, if a sponsor could show that a follow-on biologic acts by the same mechanism as the innovator biologic, this finding would suggest that switching would not lead to resistance.
Current law on generic small molecule drugs does not inform the switching requirement for interchange-able biologics. The Hatch-Waxman Amendments do not prohibit pharmacists from substituting a generic drug for a brand-name one. 211 In fact, most states explicitly allow pharmacists to do so, and some even mandate switching under certain circumstances. 212 Thus, Congress considers there to be minimal risk when a patient switches to a generic small molecule drugs, but considers that biologics may present a substantial risk.
Congress may have deliberately made the switching requirement difficult to meet in order to classify most follow-on biologics as biosimilars and not interchangeable biologics. If frequent switching between biologics was Congress's major concern, Congress could have addressed it by requiring labels warning against switching, or allowing a pharmacy to substitute an interchangeable drug at the beginning of a course of treatment, but not at the middle. 213 Denying ''interchangeability'' status to most biosimilars will make it harder for follow-on companies to win market share away from innovators, will shift the balance of purchasing power from pharmacies to health care providers, and will speed the entry of multiple biosimilars onto the market by avoiding the temporary exclusivity period an interchangeable biologic enjoys.
V. CONCLUSION
Enactment of the BPCIA was a crucial first step in creating a workable abbreviated pathway for licensing biosimilars. The BPCIA created the broad outlines of categories for biosimilar and interchangeable biologic therapeutics. In its draft guidance documents, FDA has begun to fill in the details. Clearly, additional guidance from FDA and the courts will be essential in creating a fair and consistent framework for licensing follow-on biologics.
